"Waste" Jute Fiber, an agricultural "waste" by-product was converted into an effective adsorbent and the same was tested for the removal of Malathion pesticide from aqueous solution. The prepared activated Jute fiber carbon (JFC) was characterized by using Scanning Electron microscope (SEM), X-ray diffractometer (XRD), Elemental analyzer and proximate analysis methods. Adsorption equilibrium, kinetics, thermodynamics and mass transfer studies were investigated as a function of agitation time, adsorbent dose, pH and temperature. The adsorption data obtained are found to obey Langmuir isotherm model. The adsorption kinetics was analyzed by using pseudo first order, pseudo second order and Elovich models. Thermodynamic parameters of adsorption process, i.e. ∆G, ∆S and ∆H were computed and their negative values indicate the adsorption was exothermic and spontaneous nature.
Introduction
Once pesticides are introduced into the environment, whether by application, disposal, or a spill, it can be influenced by many processes. These processes determine the ultimate fate of the pesticide by affecting its persistence and movement in the environment. The developed countries have banned many of the pesticides due to their potential toxic effects to man and ecosystem. In many developing countries, the pesticides use is not being properly regulated leading to residues in food which poses health hazards to the consumers (Khan et al 2009) . Developing countries can not stop the usage of certain pesticides due to the cost and efficiency.
China is the world's largest producers of vegetables followed by India. Vegetables are susceptible to insect and disease attacks and pesticides are used widely. Therefore, residues of pesticides could affect the ultimate consumer's health especially when freshly consumed. Many studies reported that the main pesticide residues were organophosphate (Bai et al 2006 , Dalal et al 2006 and Shen et al 2002 . Organophosphorous pesticides (OPPs) are a group of highly toxic agricultural chemicals widely used in plant protection. Common members of the family are methylparathion, malathion, dimethoate, phosphamidon, phorate, fenitrothion and monocrotophos.
Malathion is a nonsystemic, wide-spectrum organophosphorous pesticide. Malathion is suited for the control of sucking and chewing insects on fruits and vegetables, and is also used to control mosquitoes, flies, household insects, animal parasites (Bonner et al 2007) . Malathion has also been used to control the Mediterranean fruit fly in Australia (Edwards et al 2007) . Malathion itself is of low toxicity; however, absorption or ingestion into the human body readily results in its metabolism to malaxon, which is substantially more toxic. The effects of long-term exposure to oral ingestion of malaoxon in rats, malaoxon has been shown to be 61 times more toxic than Malathion. In one reported case of Malathion poisoning, an infant exhibited severe signs of cholinesterase inhibition after exposure to an aerosol bomb containing 0.5% Malathion (Gosselin et al 1984) . Malathion is toxic and carcinogenic in nature (Pal & Vanjara, 2001) .
Malathion is of low persistence in soil with reported field half-lives of 1 to 25 days (Wauchope et al 1992) . Degradation in soil is rapid and related to the degree of soil binding.Breakdown occurs by a combination of biological degradation and nonbiological reaction with water. If released to the atmosphere, Malathion will break down rapidly in sunlight, with a reported half-life in air of about 1.5 days (Howard, 1991) .
Hence, the removal of Malathion from water is one of the major environmental concerns. Many studies dealing with the removal of pesticides from soil have been reported (Kopytko et al 2002) , relatively few works have reported on the removal of high concentration of pesticides from water (Bandala et al 2006) . Several methods are available for pesticide removal such as solid-phase extraction (Souza and Lancas, 2003) , photocatalysis (Franco-garcia et al 1996) , photo-fenton (Fallmann et al 1999) , flocculation (Thebault et al 1981) , ion-exchance (Varhney et al 1996) , chlorination and ozonisation (Mason et al 1999) and adsorption.
An increasing attention has been focused on adsorption technique due to their efficiency in the removal of pollutant from aqueous solution (Chatterjee et al 2010; Aksu and Kabasakal, 2006; Ru et al 2007; Qiu et al 2009; Cruz et al 2007 and Cruz et al 2008) . A larger number of cheaper materials including industrial and agricultural waste have been used to remove different pesticides from the aqueous solution for their safe disposal in to the environment. Activated carbon is one of the most widely used materials for the removal of organic pollutant. These includes tea leves (Islam et al 2009) , biomass (Chatterjee et al 2010) , chickpea husk (Akhtar et al 2009) , olive stones (Bakouri et al 2009a) , cotton stalk (Zheng et al 2009), rice bran, rice husk, baggasse fly ash (Akhtar et al 2009 and Gupta et al 2002) , date stone (Hameed et al 2009 and Bakouri et al 2009b) , biowaste (Senthilkumaar et al 2000) , coconut tree male flower (Senthilkumaar et al 2006a and Senthilkumaar et al 2006b) , and Jute fiber (Senthilkumaar et al 2006a and Senthilkumaar et al 2005) . In this study, we prepared sulphuric acid activated "Waste" jute fiber carbon (JFC) was used as a low-cost material for the removal of Malathion from aqueous solution. Recently, "waste" jute fiber carbon (JFC) successfully used by our research group for the dye removal (Senthilkumaar et al 2005) .
Experimental Methods and Materials

Adsorbate
Technical grade Malathion of 95% purity (CAS No.: 121-75-5) was used as such without further purification. The structure is given as follows:
JFC -Preparation
Sun dried "waste" Jute Fiber (JF) was carbonized using sulphuric acid (SA) in the weight ratio 4:3 (JF: SA) and kept in hot air oven, maintained at 160
• C for a period of 12 h. The carbon was then dried for 4h at 100
• C. The resulting carbons were washed with distilled water until a constant pH of the slurry. The dried materials were ground and sieved to different geometrical sizes and labeled as JFC.
Characterization of carbon
The morphology of "Waste" JFC was evaluated using Scanning Electron microscopy [JEOL, JSM 6360] and found to be irregular pores with different shapes. The amorphous nature of the "Waste" JFC was confirmed using powder XRD patterns [Shimadzu XRD 6000 diffractometer] (figures not given).
Carbon/hydrogen/ oxygen / nitrogen/sulfur (C/H/O/N/S) contents of our carbon were analyzed by using elemental analyzer (model CHNO-RAPID, Heraeus Co., Germany). For each analysis, the standard sample was first analyzed for checking the experimental error. All measurements were carried out in duplicate. The results are given in Table 1a .The proximate analysis was made according to ASTM 3172-3175 standards and the results are given in Table 1b .
Adsorption Equilibrium Studies
In a typical batch studies, fifty milliliters of different initial malathion concentrations (10, 20, 30 and 40mg/L) were taken in a 100 ml conical flasks containing 0.025 g of "waste" jute fiber carbon (JFC). The flasks were agitated at room temperature (28 o C) at 120 rpm for a pre-determined time intervals using thermostatic rotary orbital shaker with an initial pH 6.57. At time t = 0 and equilibrium, the concentration of malathion was measured using Shimadzu UV -VIS Spectrophotometer (Shimadzu Model: UV 1601). The maximum absorbance of pesticide was read at 193.5nm and it was used to calculate the amount of pesticide adsorbed, q (mg/g). The adsorption values were measured before and after treatment at their respective adsorption maximum wavelength, and were used to calculate the amount of malathion adsorbed, (q mg/g). For malathion, effect of adsorbent dose was studied by varying carbon dose from 0.20 to 4.5 g/L for different malathion concentrations (10, 20, 30 and 40 mg/L). Langmuir isotherm studies were carried out by agitating fixed concentration of JFC, 3 g/L of malathion solutions of seven different initial malathion concentrations 60, 80, 100, 150, 200,250 and 300 mg/L for 6 h. For pH study, fifty milliliters of 20 and 40 mg/L of malathion solution mixed with 0.025 g of JFC was agitated at different initial malathion solution pH (2-10) for 3h at 28°C. Hydrochloric acid and sodium hydroxide solutions were used to regulate the pH. Temperature studies were also carried out with 50 ml of 40-mg/L malathion solution with the effect of agitation time for four different temperatures (28, 33, 38 and 43°C) to evaluate the effect of temperature on the adsorption process. All the chemicals used are of analytical reagent grade and obtained from Qualigens, Mumbai, India. The used glasswares are of Scott Duran, Germany. In absence of carbon controlled experiments are also carried out for the adsorption of pesticide by the container walls. It was found that there was no detectable degradation or adsorption of pesticide by the container walls.Generally the carbon concentration of 0.5 g/L, pH at 6.57 and room temperature, 28°C are maintained in all experiments unless or otherwise stated.
Result and Discussion
Effect of contact time and initial Malathion concentration on adsorption
Adsorption of malathion onto "Waste" JFC at different concentrations (10, 20, 30, 40 mg/L) with fixed adsorbent dose (0.5 g/L) was carried out at room temperature (28°C). The flasks were withdrawn at predetermined time intervals and the supernatant was separated physically and centrifuged at 10,000 rpm for 5 min. and analyzed. The effect of pesticide initial concentration with contact time is shown in Figure 1 . It is revealed from Figure 1 , the percent adsorption decrease with increase in initial malathion concentration. But the actual amount of malathion adsorbed per unit mass of carbon increases with increase in malathion concentration. The unit mass increased from 12.13 to 37.11 mg/g. The equilibrium time was found to be 180,220, 240 and 260 min. for 10, 20, 30 and 40 mg/L initial concentration of malathion, respectively. The curves in Figure 1 are smooth and continuous, suggesting the possible monolayer coverage of malathion on JFC surface. A similar observation was reported by several researchers for the adsorption of pesticide onto different adsorbents (Akhtar et al 2007; Senthilkumaar et al 2005 and Gupta et al 2001) .
Effect of adsorbent dose
The effect of adsorbent dose on the removal of pesticide was studied in the range of 0.2 -4.5g/L for different pesticide concentration (10, 20, 30 and 40 mg/L) and are shown in Figure 2 . It is seen from Figure 2 that the increase in the concentration of JFC, results in the increase of surface area with more adsorptive sites for the adsorption to occur. Further increase in JFC may not increase the adsorption. This might be due to the interference between binding sites of JFC doses ( Bakouri et al 2009; Akhtar et al 2007; Senthilkumaar et al 2005 and Hamadi et al 2004) .
Adsorption kinetics
Different kinetics models are tested in order to explain the adsorption behavior of JFC.
Pseudo first-order equation
The Pseudo first-order equation is generally expressed as follows (Lagergren, 1898) 
Where, k 1 is the pseudo -first order rate constant. After integration by applying conditions, q t = 0 at t = 0 and q t = q t at t = t, then Equation1 becomes
Where, q e is the amount adsorbed at equilibrium.
Pseudo second -order equation
If the rate of adsorption is a second -order mechanism, the pseudo second -order kinetic rate equation 3 
Where, a and b are constants. The constant 'a' is considered as the initial adsorption rate (mg/g min) and b is related to the extent of surface coverage and activation energy for adsorptions (g/mg). (dq t / dt) → a as q t → 0 and given that q t = 0 at t = 0, the integrated form of equation 5 becomes,
Where, t o = (1/ ab). If t >> t o , Equation 6 is simplified as,
Where, a is the initial adsorption rate (mg/g), and the parameter b is related to the extent of surface coverage.
Selection of the kinetic model
We employed three different kinetic models, the pseudo first order, pseudo second order and Elovich kinetic models. The plots of pseudo first order, pseudo second order and Elovich kinetic models are given in the Figures  3, 4 and 5, respectively, for malathion. To compare the fitness of the model q e calculated, correlation coefficient r 2 and SSE values are calculated and are listed in Table 2 .The q e calculated obtained for pseudo first order kinetic model agree with q e experimental than those from pseudo second order kinetic model. The results with the value of r 2 > 0.9 and low SSE show that pseudo first order kinetic model is better for predicting the kinetic process in the experimental conditions than the pseudo second order kinetic model (Hameed et al 2009) calculated from Elovich plot shows the compliance of q e calculated with q e experimental, high r 2 value (>0.9) and low SSE. Elovich model basically supports chemisorptions (Tseng et al 2003 and Juang et al 1997) . Sum of the squares of the errors, SSE are calculated using the expression (Juang et al 1997) ,
Where, N is the number of data points.
Adsorption isotherm
Langmuir isotherm was applied for adsorption equilibrium (Langmuir, 1916) ,
Where, K L and a L are Langmuir constants. Equation 9 can be modified as,
Where, Ce is the equilibrium concentration of the malathion solution (mg/L) at equilibrium, q e is the amount of malathion adsorbed at equilibrium (mg/g) and Qo and b are Langmuir constants related to adsorption capacity and energy of adsorption, respectively. Plotting Ce/qe against Ce, a straight line, have a slope (1/ Qo) and the intercept (1/Qob) is obtained (Figure 6 ).The essential characteristics of Langmuir equation can be expressed in terms of a dimensionless separation factor R L (Hall et al 1966) ,
Where, Co is the initial malathion concentration (mg/L). The value Q o , monolayer capacity, b Langmuir constant, R 2 correlation coefficient and R L dimensionless separation factor values for the concentration of pesticides from 60 to 300 mg/L are given in the Table 3 The adsorption isotherm assumes that intermolecular forces decreases rapidly with distance and consequently leads to the formation of monolayer of malathion at the surface of the JFC. It also assumes that adsorption takes place at specific sites with in the adsorbent; it is believed that once the adsorbate occupies a site no further adsorption takes place at that site. Adsorption capacity (Qo) was found to be 71.68 mg/g. Calculated R L values between 0 and 1 (Table 3) 
Effect of temperature
Thermodynamic parameters
Thermodynamic parameters, such as ΔH and ΔS for the adsorption process are also determined using the Eyring's plot,
Where, Kc = C ad / C e . Kc is the equilibrium constant of the malathion which is a ratio of C ad , the concentration of the malathion in the adsorbent and C e, the concentration of the malathion in the adsorbate. The plot between the values of ln Kc and 1/T was presented in Figure 8 . From the Figure 8 , ΔS and ΔH values were calculated for the temperatures under investigation (28, 33, 38 and 43 o C). Free energy change (ΔG) was calculated using equation 13 and are presented in Table 4 .
It is revealed from the negative value of ΔH, the adsorption process is exothermic in nature and the negative value of ΔG indicates the spontaneous nature of adsorption. The negative values of ΔS shows that an increase in the state of orderness during the adsorption process. This is in agreement with other studies of pesticides adsorption onto various materials (Varhney et al 1996; Bakouri et al 2009a; Li et al 2009; Bakouri et al 2009b; Niwas et al 2000 and Gupta et al 2006) .
Effect of pH
The adsorption of malathion was studied at different initial pH values 2-10 for 20 and 40 mg/L of malathion with fixed dose of JFC (0.5g/L) at temperature(28 o C).The effect of pH on the adsorption of malathion is shown in Figure 9 .It is seen from Figure 9 , the adsorption is favored by more acidic conditions. The attraction forces between malathion and JFC should be high at pH 3.0. At higher pH value a portion of surface functional groups should become more deprotonated. This makes the weak interaction between the JFC and malathion molecules. Similar results were reported in various adsorption processes (Islam et al 2009; Chatterjee et al 2010 and Akhtar et al 2007) .
Mass transfer effects
Kinetic and equilibrium isotherm studies help to identify the mechanism of adsorption process. Prediction of the mechanism is required for designing batch adsorber. According to Weber and Morris (1963) , an intraparticle diffusion coefficient K id is given by the equation 14,
The plot of qt vs. t 1/2 is shown in Figure10. The two regions in Figure 10 , suggest that the adsorption process proceeds by surface adsorption and intraparticle diffusion. The initial curved portion of the plot indicates a boundary layer effect, while the second linear portion is due to intraparticle or pore diffusion. The slope of the second linear portion of the plot has been defined to yield the intraparticle diffusion parameter K id . On the other hand, the intercept of the plot reflects the boundary layer effect. The calculated intraparticle diffusion rate constant, K id values are listed in Table 5 . The value of R 2 > 0.9 in this model justifies the mechanism for the diffusion of pesticides. In order to determine the actual rate-controlling step involved in the malathion adsorption process, the adsorption data were further analyzed using the kinetic expression given by Boyd et al (1947) ,This is in accordance with the observations of Reichenberg (1953) ,
where F is the fraction of solute adsorbed at different times t and Bt is a mathematical function of F, D i is the effective diffusion coefficient of adsorbates in adsorbent phase, r o is the radius of adsorbent particle assumed to be spherical, Q t and Q ∞ represent the amount adsorbed (mol/g) at any time t and at infinite time.
For every calculated value of F, corresponding values of B t are obtained from Reichenberg table (Reichenberg, 1953) .The values of Di are calculated using Equation16, the values of B t and D i are given in the Table 6 . Boyd considered 'two kinds of diffusion processes, "particle diffusion" and "film diffusion." The linearity test of B t versus time plots was employed to distinguish between the film diffusion-and particle-diffusion-controlled adsorption with the change in concentration and temperature. If the plot of B t vs time is a straight line passing through the origin, then the adsorption rate is governed by the particle diffusion mechanism; otherwise, it is governed by film diffusion [Helfferich, 1962; Gupta and Ali, 2001) . In Figure11 and 12, the plots do not pass through the origin indicating film diffusion nature of malathion with the variation in concentration as well as temperature. Since the adsorption of malathion onto JFC is an exothermic process, the value of D i decreases with the rise of temperature.
Conclusion
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